The phytosociology and ecology of Scorzonera parviflora stands were studied in the Pannonian Basin and Western Balkans. In total, we used 60 relevés (46 collected for this study and 14 from the literature) for the ordination analysis. Optimal conditions for S. parviflora are species-poor coastal habitats in regions with hot summers and with high soil salinity and nutrient-richness. The species reached high cover values in most cases (25-50%) and it often dominated the stand. The classification of phytosociological data shows four floristically and ecologicaly well characterized clusters. Cluster 1 was identified as the rare association Junco maritimi-Scorzoneretum parviflorae, sampled only in coastal Croatia (on the island of Pag) and inland Hungary (Fertőszéplak). Cluster 2 groups meadow-like salt marsh vegetation in transition between two vegetation types, Limonio narbonensis-Puccinellietum festuciformis and Trifolio-Hordeetum secalini. Cluster 3 represents the typical variant of the Scorzonero parviflorae-Juncetum gerardii, while cluster 4 was determined as a variant with Tripolium pannonicum of the Scorzonero parviflorae-Juncetum gerardii characterized by a higher presence of obligate halophytes (Tripolium pannonicum, Puccinellia distans agg. and Plantago maritima) than in cluster 3. Our study shows that vegetation with Scorzonera parviflora in inland Central and SE Europe belongs to the Juncion gerardii and stands of coastal Croatia are related to the Juncion maritimi alliance. The species composition and the classification of the examined stands in the Pannonian and Transylvanian basins were influenced more by abiotic environmental factors than by current management.
Introduction
Saltwater wetlands and inland saline habitats are unique sites with relatively strong resistance to invasions (Chytrý et al. 2005 (Chytrý et al. , 2008 . Recently, such habitats have become rare due to economic pressure. Therefore, inland saline habitats and maritime wetlands are severely threatened in Europe and worldwide (Armitage et al. 2006; Wanner 2009 ). Scorzonera parviflora is a species of such habitats in maritime as well as inland regions of Europe. Here, the species is found in several plant communities. The most characteristic are the following two:
(i) Horvatić (1934) described a plant community with Scorzonera parviflora (co)dominance from the Croatian island of Pag (Dalmatia) under the name "Asocijacija Junceto-Scorzoneretum candollei" [Note: the name Scorzonera candollei Vis. is a synonym candollei of Scorzonera humilis L. This species does not grow in the mentioned area; it was confused with Scorzonera parviflora (see Topić & Vukelić 2009)] . Horvatić (1934) incorporated the association into the order Juncetalia maritimi and the alliance Juncion maritimi. Stands of the association inhabit coastal salt marshes, and they are known only from Dalmatia. In the current Croatian literature the community is mentioned under the name Junco maritimi-Scorzoneretum candollei Horvatić 1934 (Lovrić 1974 Magaš 2000; Anonymous 2002; Stancić et al. 2008) and Junco-Scorzoneretum parviflorae Horvatić 1934 (Mitić et al. 2009 ), respectively. It is not known elsewhere in Europe.
(ii) Later, Wendelberger (1943) described the association Scorzonero parviflorae-Juncetum gerardii from the Austrian side of Lake Neusiedl in the northwestern part of the Pannonian Lowland. Wendelberger (1943 Wendelberger ( , 1950 included the community in the Puccinellio-Salicornietea Ţopa 1936, the Juncetalia maritimi Br.-Bl. 1931 , and the Juncion gerardii Wendelberger1943. Scorzonera parviflora is a characteristic species of this association and also of the whole alliance. At present, the Scorzonero parviflorae-Juncetum gerardii is still included in the Juncion gerardii, usually in the class Scorzonero-Juncetea gerardii (Vicherek 1973) Golub et al. 2001 (e.g. Golub et al. 2001 Lakušić et al. 2005; Šumberová et al. 2007; Sanda et al. 2008; Melečková et al. 2014 ). The association is widespread in areas with a continental climate in the PonticPannonian region. Its range extends from Ukraine (Dubyna et al. 2007 ) through South and Central Romania (Pop 2002; Sanda et al. 2008) , northern Serbia (Kojić et al. 1998; Lakušić et al. 2005) and Hungary, where it is known chiefly west of the Tisza river (Borhidi 2003) , in Austria near Lake Neusiedl (Wendelberger 1943 (Wendelberger , 1950 Mucina 1993) , and in southern Slovakia (Vicherek 1973) . In south Moravia (Czech Republic), the association reaches its northwestern distribution limit (Vicherek 1973; Danihelka & Hanušová 1995) . The plant community is expected to occur in other countries of SE Europe such as Bulgaria, Macedonia and Croatia (Vicherek 1973; Šumberová et al. 2007) .
Scorzonera parviflora is a Eurasian species with a large range, extending from Western Siberia, Mongolia, China and Central Asia through the Middle East to Europe. Here, the species occurs from Russia and Ukraine to Central Europe (Czech Republic, Slovakia, Hungary, Austria to the west to Germany) and to SE Europe (Croatia, Serbia, Romania, Bulgaria) (Chater 1976; Kamelin & Tagev 1986; Holub & Grulich 1999) . Despite the relatively large distribution range, the occurrence of S. parviflora is rather sporadic and it is a rare, vanishing species. It is included in the Red Lists of endangered taxa in Austria, Bulgaria, the Czech Republic, Slovakia (in all of these countries in the IUCN category "critically endangered") (Niklfeld & Schratt-Ehrendorfer 1999; Petrova & Vladimirov 2006; Grulich 2012; Eliáš et al. 2015) , Germany and Serbia (in both countries in the IUCN category "endangered") (Ludwig & Schnittler 1996; Stevanović unpubl.) . In Croatia, Hungary and Romania, S. parviflora is not common, but it is not evaluated as rare and endangered (Oltean et al. 1994; Nikolić & Topić 2005; Oprea 2005; Király 2007 ) as the habitats are less fragmented than those at the geographical edges of the species' range. For instance, in the lowlands of Slovakia S. parviflora was not confirmed by Melečková et al. (2013) , but it is still present around mineral springs in the Spiš region in NE Slovakia (Ditě et al. 2010) .
Our study aims to clarify (i) the phytosociology of Scorzonera parviflora stands, its similarities or differences compared with literature data from the region expanding from the Adriatic Sea through the Pannonian Plain to the continental Transylvanian Basin and (ii) to characterize soil properties, continentality and plant indicator values of those stands.
Study area
Between 2010 and 2012, we carried out field work in salt meadow vegetation with Scorzonera parviflora in the Pannonian Lowland (comprising parts of Austria, Hungary, Romania and Serbia). To highlight the gradient of continentality, Transylvania (Romania), and the coastal areas of the Adriatic Sea (Croatia) (Fig. 1) were visited for additional field data, where similar salt marsh vegetation is reported in the literature.
The Pannonian Lowland is situated at the boundary between Central Europe, Eastern Europe and the Balkans. It consists of a large Neogene basin filled by a thick layer of fluvial and aeolian sediments (Fodor et al. 1999; Nemčok et al. 2006) . It is included in the temperate continental steppic bioclimatic region (http://www.globalbioclimatics.org). This continental climate zone usually has cold, snowy winters and hot, dry summers. The average annual temperatures are about 10 °C, and the annual precipitation ranges between approximately 400 and 500 mm in the central region (the Great Hungarian Plain) and 500-600 mm in the north-western area (the Danube Lowland).
The Transylvanian Basin in central Romania is a hilly region, about 300-700 m a.s.l. It consists of a mostly concordant series of molasse sediments deposited from the Middle Miocene to the Pliocene with a typical thickness of 2.5 km. The base of the basin is defined by a thick volcanic tuff horizon (Sanders et al. 2002) . The climate of the Transylvanian Basin (Câmpia Transilvaniei) is temperate continental with an annual precipitation of 520-650 mm with a summer peak and mean annual temperatures of 8.4-9.7 °C (Kun et al. 2004) .
The Adriatic coast is generally steep and rocky, mostly built up of karstified carbonates, and therefore characterized by a variety of karstic landforms. The coastal rocks consist chiefly of flysch (Pikelj & Juračić 2013) . It is characterized by a Mediterranean climate with warm to hot, dry summers and mild to cool, wet winters. The annual temperature fluctuates by about 20 °C during a season (Artegiani et al. 1997) . On the coast, rainfall is much lower reaching mean annual precipitation of around 600 mm (Ostroški 2010) .
Regarding land use, most of the visited locations were mown or grazed. Almost all Central European sites have been drained. The coastal vegetation is less influenced by water regulations, but it is extremely threatened by new constructions and waste accumulation.
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Methods
Phytosociological data collection
Phytosociological relevés of vascular plants and bryophytes were sampled between 2010 and 2012 following the Zürich-Montpellier approach using the adapted nineclass Braun-Blanquet cover-abundance scale (Barkmann et al. 1964 ) on plots of 4 m × 4 m. We collected 46 relevés and added 14 original historical relevés of Horvatić (1934) and Wendelberger (1943) in order to include reference data in the analyses. We did not use further available historical data (e.g. Vicherek 1973) , since those relevés represent only the past state and the vegetation of the sampled localities has markedly changed since then. Moreover, our aim was to use mostly our own data. All 60 relevés were stored in a TURBOVEG database (Hennekens & Schaminée 2001) and exported into JUICE (Tichý 2002 
Soil sampling and soil analyses
Soil samples from a depth of up to 25 cm were taken from three different points in each of 27 plots (relevés 6, 7, 8, 11, 12, 14, 15, 16, 17, 19, 21, 29, 30 31, 32, 33, 34, 36, 44, 48, 50, 51, 53, 54, 56, 58, 60) and the partial samples merged per plot and analysed.
The following properties were measured: pH, nutrients (organic carbon, total nitrogen), electric conductivity (EC), cations Mg, Na, Ca, Ca exch , . Mg exch , . K exch , . Na exch , exchange sodium percentage (ESP), sodium adsorption ratio (SAR). The determination of exchangeable cations was made according to international standard ISO 13536 (STN ISO 13536 2001) . They were evaluated in a barium chloride buffer solution with pH = 8.1 with the use of triethanolamine. The soil is first saturated with barium so that it functions as a buffer solution of barium chloride. The exchange cations in the soil extract of barium chloride were determined by flame atomic absorption spectrometry (F-AAS).
For measuring pH and EC, a saturated soil extract was centrifuged; pH and EC were determined in the supernatant fluid. pH was determined in the extract by a pH meter with glass electrode (STN ISO 10390 2005) . EC was measured in the extract by using a calibrated conductivity meter (Brinkman 1988) .
Concentrations of Ca 2+ , Mg 2+ and Na + were determined in the saturated soil extracts using F-AAS (Sotá-ková et al. 1988) .
The simultaneous determination of organic carbon (C org ) and total nitrogen utilized a patented principle of dynamic combustion (STN ISO 10694 2001) . The soil sample was dispensed into the combustion tube. The result of combustion was a mixture of gases, nitrogen oxides, CO 2 , H 2 O, SO 2 and oxygen excess. The mixture of gases was passed through the reduction catalyst, which eliminates redundant oxygen and reduces the nitrogen oxides to nitrogen. This mixture was split on a thin-layer chromatography column and detected by the thermal conductivity detector Euro EA 3000.
Data processing
All 60 relevés with Scorzonera parviflora were used for classification. The numerical classification was performed using the TWINSPAN (Hill 1979 ) algorithm, with five pseudospecies cut levels (0, 2, 5, 10, 25) . The diagnostic species shown (Tables 1 and 2 ) were selected subjectively, based on a fidelity coefficient ϕ higher than 0.40.
The relations between the vegetation units (Clusters 1-4) were displayed using DCA. Due to the limited set of plotted species in the ordination graph, we have increased the lower value of species weight range to > 20%. For the ordination (Detrended correspondence analysis -DCA -and data attribute plots with the LOESS visualisation regression modelling method) we used the program CANOCO for Windows 4.5 (Ter Braak & Šmilauer 1998) . For the DCA with three ordination axes we used the statistical environment R (http://www.R-project.org) with ORDIJUICE script.
To characterize ecological requirements of the studied communities, indicator values for temperature and continentality were calculated in the programme JUICE (Tichý 2002 ) for all 60 relevés. These values were calculated as the unweighted average values of species present in the relevé. The indicator values were based on Borhidi (1995) , and the few species not listed there were excluded from this calculation. Data attribute plots and the LOESS visualisation regression modelling method were used to display number of species, temperature and continentality associated with different groups of relevés.
The dataset for vegetation and soil samples analyses contained 27 relevés (Supplement S2). It was also subjected to DCA in order to compare the studied vegetation groups regarding their soil properties. As in the previous case, data attribute plots and the LOESS visualisation regression modelling method were used to display the identified quantitative data (Ca, Na, EC, ESP, SAR, C org ) of these groups of relevés.
Results
Vegetation characteristics of Scorzonera parviflora stands
The classification of the phytosociological data shows four floristically and ecologically well characterized clusters (Table 1, Figs. 2, 3) .
Cluster 1 contained seven relevés (Table 1 , relevés 1-7) with species-poor vegetation (Table 1 , Fig. 2) ; we sampled eight taxa per relevé on average. The cover of vascular plants was 40-60%, and there were no bryophytes. It typically contained species of coastal salt marshes, usually dominated by Juncus maritimus. Scorzonera parviflora was another dominant species covering (15-)25-50%, Carex extensa was present with high cover as well. In the case of the inland site near Fertőszéplak, Hungary, vegetation was enriched by obligate halophytes such as Triglochin maritima, Tripolium pannonicum subsp. pannonicum and halotolerant Samolus valerandi. The stands represent the association Junco maritimi-Scorzoneretum parviflorae (see Supplement S3; for nomenclature see below).
Cluster 2 includes 11 relevés (Table 1 , relevés 8-18). The stands were more species-rich than in cluster 1 (Fig.  2 ), here we recorded 11 species per relevé on average. The cover of vascular plants was about 70 %, bryophytes were not found. Scorzonera parviflora was the most frequent dominant species. Carex divisa and Puccinellia festuciformis were the two accompanying diagnostic species. Limonium narbonense occurred on more saline soils within this group, Alopecurus rendlei (here also as subdominant) and salt tolerant species such as Ranunculus sardous, Cynodon dactylon and Trifolium fragiferum indicated lower salinity. The cluster is regarded as meadow salt marsh vegetation intermediate between two associations: Limonio narbonensis-Puccinellietum festuciformis Géhu et Scoppola in Géhu et al. 1984 and Trifolio-Hordeetum secalini Horvatić 1934 . While relevés 8-11 are closer to the first mentioned association, relevés 12 and 14-17 represent the latter one.
The association Limonio narbonensis-Puccinellietum festuciformis is typical of coastal salt marshes with moist cont.
Samolus valerandi
eschweizerbart_xxx to wet soils influenced by seawater. This rarely reported association was recorded only on the island of Pag, near Vlašići, Gajac -on the outskirts of the reservation Kolansko blato (Supplement S1, relevés 8-12) and on the western edge of Solana Pag south of the town of Pag (without relevés). The Trifolio-Hordeetum secalini is known particularly from submaritime meadows of SE Europe. As in the previous case, compared to the typical species composition of the association, several species are missing in our relevés, for example Hordeum secalinum. This vegetation was recorded at a single site within the study area (Vlašići on Pag Island).
Cluster 3 included 12 relevés ( Fig 2) including more than 16 species per relevé on average. The cover of vascular plants was relatively high, mostly ranging from (30-)50-80(-100)%, 60% on average. The bryophyte layer was well developed, and its abundance varied in a similar range as (Fig. 1) . Cluster 4 (Table 1 , relevés 31-60) contains the largest number of relevés -30 -with species composition similar to cluster 3. However, these stands contained a lower number of species (11 species per relevé) (Fig. 2) . Juncus gerardii and Agrostis stolonifera were not as abundant as in cluster 3. In contrast, cover of Scorzonera parviflora usually reached values between 5 and 15%, and in some cases even more (Table 1, relevés 37, 38, 40, 43, 50) . Except for the subhalophyte Taraxacum bessarabicum, the vegetation in cluster 4 was characterized by obligate halophytes like Tripolium pannonicum subsp. pannonicum, Puccinellia distans agg. and Plantago maritima. The cover of vascular plants was high, 40-(70-80)-90%, and bryophytes were infrequent. We identified cluster 4 as the Scorzonero parviflorae-Juncetum gerardii variant with Tripolium pannonicum subsp. pannonicum. Compared with the core variant (cluster 3), there were fewer wetland species but more halophytes. Vegetation was recorded in inland salt marshes of both Pannonia and Transylvania, but not in coastal and inland habitats of Croatia.
Ecological characteristics of Scorzonera parviflora stands
The frequency of Scorzonera parviflora increased together with increasing values of EC, ESP, SAR and with all analysed nutrients (Fig. 4) . The results confirmed also that the species tolerates a wide range of salt content in the soil, as it grows on slightly saline soils of inland salt meadows (cluster 3 and 4) as well as extremely salty soil in coastal habitats (cluster 1 and 2). The optimal habitat for the species is relatively species-poor, warm coastal areas with high salinity and nutrients (Fig. 2, 4) . In those stands, S. parviflora reached high coverage values eschweizerbart_xxx (25-50%) and it significantly dominated especially in clusters 1 and 2 (Table 1 ). The soils of cluster 1 were the most saline; most of the measured properties reached the highest values within the dataset: the average conductivity was 2635 mS m -1 . Notably, they had a high percentage of ESP and C org , a high SAR and Na content 3.6 to 8 times higher than in plots of the other clusters (Table 2 , Fig. 4 , Supplement S2). Soils in cluster 2 are less saline compared to the previous cluster, conductivity varied widely from 145 to 2110 mS m -1 (Table 2 , Supplement S2), mean value was 1011 mS m -1 . However, the second highest mean values were found for Na, Ca, ESP and C org , and the lowest for exchangeable Mg (Table 2 , Fig. 4, Supplement S2) . Stands are waterlogged in spring and were still wet in summer. In rare cases they can dry up gradually, as we found in the vegetation type with Alopecurus rendlei.
In contrast, Scorzonera parviflora did not form large dominant stands in inland sub-halophytic grasslands (although in single cases it achieved high abundance), especially in cluster 3 (Table 1 ). Stands of cluster 3 occupy moist to flooded soils with the lowest salinity within all studied vegetation types (mean value of EC is 524 mS m -1 ). We measured the lowest levels of Ca, Na and ESP, but on the other hand, the highest exchangeable Mg (Fig.  4, Supplement S2 ). The vegetation of cluster 4 was found on drier soils with higher salt content, as shown by higher values for EC, SAR and ESP (Fig. 4, Supplement S2) . The mean values of conductivity reached 647 mS m -1 . Compared to cluster 3, these habitats had higher Na, Mg and ESP, but lower Ca (Supplement S2, Fig. 4) .
The results of the DCA according to Borhidi indicator values (BIV) showed that Scorzonera parviflora vegetation is also remarkably differentiated within the gradients of temperature and continentality (Fig. 2) ; for example, stands of cluster 2 included the highest rates within the temperature gradient. It can be also stated that species richness is significantly influenced by temperature and continentality, as the number of species increased with increasing continentality and decreasing temperature (Fig. 2) .
Discussion
Ecological requirements of Scorzonera parviflora stands Generally, coastal salt marshes and inland salt meadows develop in wet, moderately saline habitats (Wendelberger 1943) . Outside of Central Europe and the Adriatic coast, phytocoenoses with S. parviflora in Ukraine and South Siberia occupy shallow depressions, surroundings of salt lakes and mineral water springs (Golub et al. 2001 , Dubyna et al. 2007 . They often border with vegetation of littoral zones of shallow standing waters dominated by Bolboschoenus maritimus agg. The habitat is flooded in spring and wet in summer, usually not drying up completely as other saline habitats. Concerning soils, it prefers salty clay to loamy solontchak soil type (Borhidi 2003) , with a thin layer of mud on the surface (Wendelberger 1950) . The humic horizon is shallow. The habitats are characterized by a high variability of environmental factors (e.g. moisture, soil type) and increased salinity in addition to the slightly higher nutrient levels (Vicherek 1973) . The association has a mesohygrophilous, mesothermic and weak acid-neutrophilous to basophilous character (Alec 2010). Our results correspond to this; we found Scorzonera parviflora in Pannonia and the surrounding regions in (sub)halophytic wet meadows on the edges of salt marshes or saline lakes, in waterlogged areas or in shallow depressions. Horvatić (1934) described the Junco maritimi-Scorzoneretum parviflorae under the name "Junceto-Scorzoneretum Candollei Horvatić 1934 (as. Juncus maritimus-Scorzonera Candollei) ". This name of the association is according to Article 43 of the International Code of Phytosociological Nomenclature (Weber et al. 2000) incorrect, because Scorzonera parviflora was confused with Scorzonera candollei = Scorzonera humilis. Therefore, we correct the name to Junco maritimi-Scorzoneretum parviflorae Horvatić 1934 corr. Dítě, Eliáš jr, Šuvada, Píš & Melečková nom. corr. hoc loco. The previous name Asocijacija Junceto-Scorzoneretum Candollei Horvatić 1934 [Horvatić 1934 is considered as basionym according to Article 43 of the Code. As a lectotype of this association we propose relevé no. 2 in Table 18 , page 278, Horvatić (1934) (relevé no. 2 in our Table 1 ).
Syntaxonomical survey and nomenclature
Vegetation with Scorzonera parviflora: our results compared to literature
We identified cluster 1 as the Junco maritimi-Scorzoneretum parviflorae. It contains three historic relevés of the Junco maritimi-Scorzoneretum parviflorae from Horvatić (1934) . In his relevés Scorzonera parviflora and Juncus maritimus were not the dominant species, and Samolus valerandi and Carex extensa reached lower abundances than in ours of the same area. In the Malo Blato site on the island of Pag (Supplement S3), we could not find the exact same vegetation as described by Horvatić (1934) . A substantial part of the site is currently covered by compact stands of Cladium mariscus. Larger areas of stands with Scorzonera parviflora can be found only in the western edge of this extensive site. We assume that progressive succession occurred here due to the absence of traditional farming. On the other hand, we found higher species richness in our relevés ( correspond to stands of the Junco maritimi-Scorzoneretum parviflorae sensu Horvatić (1934) . Mitić et al. (2009) regarded Juncus maritimus, Scorzonera parviflora and Carex extensa as characteristic species of the association. In addition, Juncus gerardii and J. subnodulosus were also given as characteristic species of the association in the current literature (Anonymous 2002). We consider this community as very rare; it has been documented from estuaries of small rivers leading to the Adriatic Sea in Croatia, island of Pag, in Malo blato (Magaš 2000) and inland from the Hungarian part of Lake Neusiedl (Fertőszéplak). This is the single occurrence of the community in Hungary and Central Europe, and at the same time the single known location of Carex extensa (Király et al. 2013) . Cluster 2 is a transient group with two different associations: Limonio narbonensis-Puccinellietum festuciformis and Trifolio-Hordeetum secalini, which needs further detailed study. The association Limonio narbonensis-Puccinellietum festuciformis is typical of coastal salt marshes. Compared to the typical species composition according to Géhu et al. (1984) , we recorded vegetation with reduced number of characteristic species of coastal salt marshes such as Sarcocornia fruticosa, Artemisia caerulescens, Libarda crithmoides, Halimione portulacoides and Elytrigia atherica. Apart from Scorzonera parviflora, Carex divisa was invariably present.
Relevés from Croatia (13 and 18 in Table 1 ) sampled from the northern shore of Vransko jezero, represent a special type of vegetation within cluster 2. They most resemble the Scorzonero parviflorae-Juncetum gerardii and appear in the works of local authors under this name (Magaš 2000; Sviličić 2013 ). However, the presence of Juncus maritimus and Puccinellia festuciformis and the absence of most species typical for the association in Pannonia are reasons for its assignment to cluster 2 as opposed to cluster 3.
Clusters 3 and 4 (Tables 1, 2) were identified as the Scorzonero parviflorae-Juncetum gerardii, cluster 3 as typical variant and cluster 4 as a variant with Tripolium pannonicum subsp. pannonicum. Cluster 3 includes all relevés of the Scorzonero parviflorae-Juncetum gerardii published by Wendelberger (1950) ; he characterized the community using those relevés in his earlier description (Wendelberger 1943) .
Cluster 4 contains a more specific species composition. The core association Scorzonero parvifloraeJuncetum gerardii was divided into several variants in the historic literature on a regional scale. Wendelberger (1950) differentiated two lower syntaxa from Lake Neusiedl -a variant with Eleocharis palustris and a variant with Agrostis stolonifera. Slavnić (1948) distinguished the same two variants ("facies") as Wendelberger (1950) and in addition, a variant with Trifolium fragiferum and Lotus tenuis. He considered this variant as reflecting different moisture conditions and soil properties of the habitat. Vicherek (1973) described two subassociations within the Scorzonero parviflorae-Juncetum gerardii based on phytosociological relevés from the northern part of Pannonia -southern Moravia (Czech Republic) and the Podunajská nížina lowland (Slovakia): Scorzonero parviflo-rae-Juncetum gerardii subass. typicum and subassociation heleocharetosum uniglumis. Subass. typicum was characterized by halophytes such as Tripolium pannonicum subsp. pannonicum, Plantago maritima and the subhalophyte Taraxacum bessarabicum. In the second subassociation, obligate halophytes and Triglochin maritima were absent, Eleocharis uniglumis, Phragmites australis, Bolboschoenus maritimus agg. and a high constancy of Melilotus dentatus were recorded. Köllner (1983) distinguished three subassociations around Lake Neusiedl, which differ in the degree of accumulation of silt and nutrients: the Lotus tenuis subassociation, Cirsium brachycephalum subassociation, and Bolboschoenus maritimus subassociation.
Alec (2010) studied Scorzonero parviflorae-Juncetum gerardii stands in Transylvania. He considered the dominance of Scorzonera parviflora as a distinctive feature of the stands.
Like the above-mentioned regional studies, we also opted to differentiate the associations at a larger geographical scale, but only at the lowest syntaxonomical level, where we allocated two variants (Table 1) . A typical variant best corresponds to the described Eleocharis palustris variant (sensu auct.), while the variant with Tripolium pannonicum subsp. pannonicum can be considered as the subassociation "typicum" sensu Vicherek (1973) and halophytic Trifolium fragiferum variant sensu Slavnić (1948) , respectively.
The results showed that the vegetation of clusters 3 and 4 fully corresponds with the description of the Scorzonero parviflorae-Juncetum gerardii given by Wendelberger (1943 Wendelberger ( , 1950 and later by Borhidi (2003) .
In terms of broader coenological relations, Wendelberger (1943) Borhidi (2003) , who states that the Scorzonero parviflorae-Juncetum gerardii resembles coastline salt meadows (Juncetalia maritimi Braun-Blanquet 1931), although there are not many species in common because the association contains many species of continental distribution. On the one hand, Scorzonera parviflora stands are in contact with inland salt marshes, on the other, with either Puccinellion limosae Soó 1930 or salt steppe vegetation of the Festucion pseudovinae Soó 1933 (cf. Borhidi l.c.). Our study shows that vegetation with Scorzonera parviflora in inland Central and SE Europe belongs to the Juncion gerardii and stands of coastal Croatian Dalmatia are related to the Juncion maritimi.
Special case are the inland salt marshes by the lake Neusiedl (Fertőszéplak), where vegetation has coastal character and is related to Juncion maritimi.
Geographical similarities and differentiation between and beyond the studied regions
On the northwestern border of its distribution range (Germany, Czech Republic), Scorzonera parviflora grows in halophytic communities developed around mineral springs together with Carex distans, Glaux maritima, Plantago maritima, Schoenoplectus lacustris subsp. glaucus, Triglochin maritima, Tripolium pannonicum etc. (Wagenitz 1987; Šumberová et al. 2007; Heino & Stolle 2011) . Relevés collected in the mineral springs of the Soos Nature Reserve in the Czech Republic (Chocholoušková, Dítě & Melečková 2014, unpubl.) contain 7 to 9 vascular plant species with a similar species composition to that given above. Compared to the Pannonian and Adriatic vegetation of S. parviflora, the vegetation is species poor. Our results correspond with this, as species richness increased with increasing continentality (Fig. 2) .
In southern Siberia -the centre of the distribution range of S. parviflora (Golub et al. 2001 ) -the species is part of halophytic communities somewhat similar to the vegetation in Central Europe. In Siberian stands, Juncus gerardii, Triglochin maritima, Glaux maritima, and species of genera of Puccinellia, Limonium and Salicornia (Chytrý 2012) dominate.
According to our observations in the inland study area, subhalophytic stands with S. parviflora were mown (e.g. Central Hungary), while stands with higher salinity were grazed (other parts of Hungary, Transylvania). In contrast, in our study, species composition and the classification of the examined stands in the Pannonian and Transylvanian basins were independent of their management; rather, the variability was influenced by other environmental factors such as humidity and salinity. 
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